Chromium was not required for normal growth of romaine lettuce (Lactuca sagiva L. subsp. longifolia), tomato (Lycopersicon esculentum Mill.), wheat (Triticum aestivum L.), or bean (Phaseolus vulgaris L.) in solution culture containing 3.8 X 10-,uM Cr. Plants grown on this purified nutrient solution contained an average of 22 ng Cr/g dry weight. Duckweed (Lemna sp.) grew and reproduced normally on a dilute nutrient solution containing 3.8 X 10-' FM Cr.
The objective of this study was to determine if Cr is an essential element for higher plant growth. Recent reviews (18, 22, 24) have summarized the known effects of Cr in biological systems and the evidence suggesting that Cr is essential for animals and man. Several workers have reported stimulatory effects of Cr on plant growth; however, an absolute requirement of Cr for normal plant growth has not been established (9, 19) . In this experiment, if essentiality could not be demonstrated, then Cr concentrations in the nutrient solution and plant tissue above which Cr is not essential for higher plants could be established.
MATERIALS AND METHODS Double distilled, deionized water and reagent grade chemicals were used throughout the experiment. All HNO, was glass-distilled before use. All glassware and plastic materials were washed with detergent, rinsed in distilled water, soaked in 10% HCI overnight, and finally rinsed several times in distilled water. Cheesecloth and glass wool were extracted in a Soxhlet extractor first with dilute HNO, and then with water.
Great care was used throughout the study to prevent or minimize Cr contamination of the purified systems.
Chromium Analysis. A modification of the method of Cary and Allaway (6) was used to determine Cr in plant tissues and nutrient solutions. The addition of AgNO, to the digestion mixture and consequent filtering step were omitted from the procedure. Recoveries of carrier-free "CrCl, added to several of the samples ranged from 90 to 103%. It Fifty ml of 2, 4-pentanedione were added, and the mixture was refluxed in a boiling flask fitted with a condenser and boiling stick for 6 hr. The solutions were cooled and extracted six times with chloroform. At this point, removal of carrier-free "CrCI, added to some of the solutions was complete (>99.5%).
The above complexing and extraction procedure was repeated. The solutions were then extracted twice with 100-ml portions of ether and then boiled to dispel the residual ether. Red kidney beans (Phaseolus vulgaris L.) were rinsed repeatedly with water and then placed in the dark in wet paper for germination. After 5 days the seedlings were then transferred directly to the culture containers.
Small sprouts were broken off sprouted seed potatoes (Solanum tuberosum L. cv. Bake King) and were placed in the culture containers.
Initially, the full strength nutrient solutions in the culture containers were changed after 14 days. As the plants became larger, the solutions were renewed at 10-and then 7-day intervals. After pods began to develop on the bean plants, NH4NO3 was added on alternate days between solution changes to a final concentration of 2000 /tM.
The romaine lettuce was harvested after 26 to 56 days of growth, depending upon the experiment. Tomato and potato were harvested when blossoms began to appear, except for one crop of tomatoes harvested after 26 days of growth. Wheat and bean were harvested at maturity. The plants were harvested into plastic bags or glass freeze-drying flasks, frozen, and then freeze-dried in a glass flask-type freeze dryer.
After drying, the plants were placed in plastic bags and pulverized. Some of the larger stem tissue was not pulverized by this technique and only the pulverized mixture was sampled for analysis. Wheat and bean seeds were separated from the pods and chaff by hand using plastic gloves and plastic forceps.
A single cluster of duckweed (Lemna sp.) fronds was placed in a beaker with 0.1 strength purified nutrient solution. The culture beaker was covered with a larger inverted beaker and was placed in the growth chamber. When the initial cluster had divided to cover the surface of the culture solution (about 2 weeks) one cluster (2-3 fronds) was washed with the culture solution and transferred to a new culture solution. This procedure was repeated seven times. After the eighth culture had multiplied and produced a number of daughter clusters, individual clusters were transferred to eight new cultures. The cultures were paired by number of fronds and size. One culture of each pair was treated with the Cr treatment solution to give a Cr concentration of 25 tiM. After 9 days of growth, the number of fronds in each culture was recorded. Table I shows the yields of plant tops grown on purified nutrient solution with and without added Cr. Since the plants were not in randomized positions in the growth room, an analysis of variance was not made. In general, variation within treatment was greater than the differences between treatments. However, all of the Cr-treated potato tops were smaller than the untreated tops. The yields presented in Table I are from second generation wheat plants where the first generation was grown on purified nutrient solution. Both Cr-treated and untreated wheat plants developed abnormal root growth, presumably due to a pathogen, that did not appear to be related 3 Four values were below 10 ng Cr/g dry wt. 4 One value was below 10 ng Cr/g dry wt. (20) reported that several air samples from a rural Michigan location contained from 12 to 37 ng Cr/m3. If these levels are similar to the Cr content of the air in the growth chambers, only a small amount of the total Cr in the air would need to be deposited on the plants to account for the Cr levels obtained in this experiment.
RESULTS
If the purified nutrient solution was not subjected to acid digestion before determination of Cr, no Cr could be detected. Since the Cr method used depends on formation of a Cr-2,4-pentanedione complex, this suggests that the Cr present in the purified nutrient solution was not in ionic form. It may have been present in colloidal, olated, or oxalated form. Rollinson (21) pointed out that reversal of olation or oxalation, even by ligands of high coordinating ability, is low. One might expect that the availability to plants of the apparently nonreactive Cr species in the purified solution would be low.
A brief critical evaluation of the literature suggestive of essentiality of Cr for plants seems justified. After reviewing the literature, Pratt (19) 
